Investigations on the effect of spraying trees with various calcium, phosphorus and calcium-phosphorus preparations were carried out in [1999][2000][2001]. Effects of sprays depended on the type of preparation. Foliar calcium fertilization increased Ca concentration in apples; however, the effectiveness of the used fertilizer also depended on the season. A high calcium content in apples was measured when treated with the new Polish preparation Kalcisal. This effect was observed in all years of investigations. A better calcium supply affected the appearance of apples (usually more green background peel colouring, reflected in the chlorophyll content). In storage these fruits ripened later and lost less of their firmness than apples from control trees. With the higher calcium content in fruits the share of apples with physiological disorders decreased. The lowest losses of apples related to physiological disorders were observed when trees were sprayed with the solutions of Kalcisal or Rosacal.
The results of the investigations point to a close relationship between the storability of apples and the contents of mineral components in fruit (FAILLA et al. 1990 ). The most frequently observed is the dependence between physiological disorders and apple calcium content (BEN 1995; BRAMLAGE et al. 1985; TOMALA 1995) . SHARPLES and LITTLE (1970) presented an opinion that apart from calcium, a high content of phosphorus also limited the incidence of bitter pit. The proofs confirming the relationship between calcium content and the incidence of many physiological disorders were found in numerous experiments on spraying apple trees with calcium salt solutions and especially calcium chloride. Resulting from such treatments a significant decrease in the incidence of, among others, bitter pit (HEWETT, WATKINS 1991) , breakdown (GUZEWSKA 1980) and core flesh (RESNIZKY, SIVE 1991) was reported. Although calcium foliar fertilization nearly always limited the incidence of physiological disorders, they were totally eliminated only in some, not numerous, experiments.
The aim of the present study was to evaluate the effects of various calcium and/or phosphorus preparations used for foliar fertilization on the quality and storability of Šampion apples.
MATERIAL AND METHODS
The experiment was set up in 1999 in a commercial orchard in Central Poland on two-year-old apple trees of Šampion cultivar on M.26 planted at 4 × 1.5 m spacing. The soil was kept in the herbicide strips in tree rows with grass between rows. The investigations were carried out in three storage seasons: 1999/2000, 2000/2001 and 2001/2002 . The experiment was set in four replications: one replication comprised 15 trees in a field. Trees were sprayed 7 times (each fortnight from mid-June) using 10 different fertilizers (the list of fertilizers is presented in Table 1 ). In all years of the investigations the same trees were sprayed with the Sleza type spraying apparatus using 1,000:l of solution per ha. The control comprised fruits from trees that were not sprayed. The time of optimal apple harvest was established on the basis of the induced ethylene method. Apples were picked on 22 September 1999, 16 September 2000 and 18 September 2001. From each replication, about 16 kg of fruits were taken for storage and 15 apples for the investigations directly after harvest. Immediately after harvest the mean apple weight was determined, background colour (using a Minolta spectrophotometer), internal ethylene concentration (using gas chromatography), fruit flesh firmness (using a penetrometer by Instron) and the soluble solid content (using an Abbe refractometer). Fruit flesh and peel were collected for mineral analysis. Sample preparations for mineral analysis and determination of mineral elements were performed in accordance with the procedure presented by TOMALA (1995).
Apples were stored at the temperature of 2-3ºC and relative air humidity of 90-95%. After 2 and 4 months of storage the background colour intensity of ethylene production was determined on a sample of 15 apples. After 4 months of storage the firmness and soluble solid content were determined, and the occurrence of storage disorders was identified. For the final evaluation of the results, the two-factor analysis of variance was used. This analysis for the percentage of apples with storage disorders was performed on the values transformed according to the Bliss formula. The Newman-Keuls test was applied to evaluate the significance of differences between the means, at the significance level of 5%.
RESULTS AND DISCUSSION
Foliar fertilization of trees significantly affected the amount of calcium detected in the apple flesh with peel. The highest value of this element was characteristic of fruits from trees that were sprayed with Kalcisal solutions. It should be stressed that in the remaining combinations of fertilization, apples were characterized by a significantly higher calcium content than the fruits from the control combination. Similarly like in the case of calcium, the phosphorus content also differed statistically. As compared to the control, a significantly higher content of this element was measured in the apples obtained from trees that were sprayed with solutions of the following preparations: Rosafos, Seniphos, Wuxal Top P and Kalcifos (Table 1) .
In many papers dealing with fruit storability, special attention is paid to the importance of the physiological status of apples during harvest. The present experiment revealed that all the tested preparations significantly slowed down the degree of starch hydrolysis in fruits as compared to apples from the control combination. It means that fruits from trees sprayed with calcium salt solutions can ripen later, which should be included in decisions concerning the time of apple harvest. Another indicator of the evaluation of the apple physiological status and, at the same time, one of the most important parameters of fruit quality is their firmness. In the case of this indicator, the foliar calcium and/or phosphorus fertilization appeared to limit the decrease in apple firmness significantly although differences between the particular combinations of spraying were not significant (Table 2 ).
In the literature referring to the physiological status of fruits, a lot of attention is paid to the fruit background colour. The present experiment revealed that the fruits from combinations favourable for higher calcium content lost the green colour of the peel at a slower rate than the fruits from combinations with lower calcium content. The results from combinations that were most differentiated are presented in Fig. 1 . The greenest peel was characteristic of fruits from trees sprayed with calcium nitrate solutions while the least green peels were found in apples from the control combination. A significant effect of tree spraying on the background colour of apples revealed itself only after fruit storage. On the other hand, the chromatometric measurements taken after the end of storage always pointed to the proven relationship between the background colour and the type of fertilizer used for tree spraying. A greener peel colour resulted above all from a higher content of chlorophyll that converged with higher calcium content. However, the effect of particular fertilizers on the rate of chlorophyll degradation, similarly like in the case of calcium content, largely depended on the season of the investigation. It should be stressed that the foliar fertilization of trees never showed any proven effect on the content of chlorophyll b. However, it can be stated generally that the change of the background colour from green to yellow took place much more slowly in apples with higher calcium content than in fruits containing lesser amounts of this element. More greenish peel colour after storage was observed in fruits obtained from trees sprayed with calcium nitrate or Rosacal.
The high calcium content was also connected with ethylene production during storage. In the case of this index, it proved that apples which were characterized by a higher calcium content produced ethylene in smaller amounts. This dependence was observed in all terms and years of investigations. Fig. 2 presents the results for the most differentiated combinations from 1999. It agrees with the data in literature according to which fruits containing more calcium produced ethylene in smaller amounts (CONWAY, SAMS 1987) and their respiration was slower (SONG, BANGERTH 1993) .
In the experiment, a significant effect of years on a majority of the investigated traits was observed. Fruits from the year 2000 as compared to the other years of the investigation were characterized by a significantly higher weight, which was connected with poorer fruiting of trees resulting from spring frost. The consequence of a higher mean fruit weight was a lower calcium content. The higher the mean fruit weight, the lower the calcium content and the lower the apple firmness after storage, all of which showed convergence with a higher percentage of fruits with physiological disorders (Fig. 3) .
Apart from the effect of years, the incidence of physiological disorders also showed a significant dependence on the type of preparation used for tree spraying. Generally speaking, fruits characterized by a high calcium content were susceptible to physiological disorders with lesser frequency. The lowest number of apples showing physiological disorders was observed in the combination with Kalcisal and Rosacal, and the highest number in the control combination (Fig. 4) . It should be mentioned that in the experiment, mainly the bitter pit was observed. It agrees with the common opinion that the incidence of most physiological disorders largely depends on the calcium content in apple flesh (BEN 1995; TOMALA 1997) .
CONCLUSIONS
1. Spraying young apple trees with calcium solutions improves apple calcium content, and thus it decreases the incidence of physiological disorders. A clear decrease in the percentage of apples with physiological disorders is possible using Kalcisal or Rosacal. However, atmospheric conditions during the vegetation period can modify the effect of the fertilizers used. 2. Apples sprayed with calcium and/or phosphorus solutions have a tendency of later ripening on the tree, which should be considered while determining the optimal date for fruit harvesting. 3. Apples with higher calcium content are, as a rule, firmer during storage and, at the same time, they produce less ethylene and become yellowish more slowly. It can affect the length of storage and also determine their assessment by consumers.
